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	Scope of work

	Background
The provision of nuclear safety functions to trip nuclear power plant reactors and initiate post-trip cooling of the core (which continues to produce significant quantities of heat post-trip) is a key role of nuclear power plant instrumentation and control (I&C) systems.

The Holtec SMR-300 I&C architecture is comprised of three main systems: 
· Plant Control System (PCS). 
· Plant Safety System (PSS). 
· Diverse Actuation System (DAS). 

The PCS, PSS and DAS operate independently of each other. Where these systems are interconnected, design measures are provided to reduce the risks of fault propagation and common cause failure with on-going assessments of the risk reduction at these points of interconnection. In normal operation, plant conditions are monitored by all three systems. Where plant conditions move away from normal conditions, alarms are raised and/or automatic control action is taken to maintain the plant inside the normal operating envelope by the PCS.  The PSS consists of two divisions and monitors all safety instrumentation to provide automatic and manual actuation for reactor trip (RT) and engineered safety features (ESF) under abnormal conditions to bring the plant to a safe shutdown state.  To cater for situations where the PSS might fail to operate, the DAS also monitors safety parameters to provide a diverse method of operating the RT and ESF.  Further details are contained in the SMR-300 preliminary safety report (PSR) Part B Chapter 4 [Ref. 1]. 

Holtec recognised the challenges with the I&C diversity between the PSS and the DAS early in the design and considered alternative arrangements for the DAS design.  Holtec initially shared these considerations with the ONR prior to them issuing RO-HOLTECSMR300-001. As a result of this work, an SMR-300 DAS is being re-designed to meet the IEEE 603 Non-Class 1E and IEC61513 Class 2 expectations.   

Following the submission of the SMR-300 PSR V0, the ONR have raised regulatory observation (RO) RO-HOLTECSMR300-001 Rev. 1 which relates to the following aspects of the PSS and DAS as described in the PSR [Ref. 1].  
· In the US, the DAS is designated as a “non-safety system” despite performing reactor trip and post trip cooling safety functions. 
· The PSS and DAS system platforms are both based on microprocessor technology. 
· The PSS and DAS system platforms are designed and manufactured by the same supplier. 
· The design shares functional equipment (such as sensors and actuators) between the PSS and DAS. 

Holtec’s resolution of the RO is explained below.



	Description of deliverables

	RO-HOLTECSMR300-001.A1 – DAS Classification
RO-HOLTECSMR300-001.A1 text
In response to this RO action, Holtec should provide a suitable and sufficient justification for the classification of the DAS in the SMR-300. Taking into account:

· ONR expectations as outlined in relevant standards and guidance. 
· Established UK relevant good practice. 
· The safety functions the DAS will deliver and their importance to safety. 
· The nuclear safety significance of the SMR-300 DAS. 

Response 
Holtec’s objective is to design, develop and build SMR-300s with a fleet mindset. Design stability is the concept that ensures that the impact of location specific requirements on the global fleet design is minimised and that the global fleet is optimised for safety and environmental aspects [Ref. 7]. This approach includes the assessment for the suitability of US codes and standards for UK deployment. Holtec recognise the differences between US and UK regulatory approaches to safety categorisation and classification [Ref. 8] [Ref. 9].

ONR Safety Assessment Principles (SAPs) [Ref. 2] states “ECS.2 - Structures, systems and components (SSC) that have to deliver safety functions should be identified and classified on the basis of those functions and their significance to safety.” ONR technical assessment guidance [Ref. 3] states that, in relation to classification, the SSCs should be classified according to the significance of their contribution to the safety function they support, and the process used should ensure: 
· The systematic identification and classification of structures, systems, and components to deliver safety functions. 
· The principle of defence-in-depth is applied. 
· That classification informs the entire lifecycle of activities associated with SSCs. 

Holtec has developed an approach to safety system classification [Ref. 4] that includes the classification of instrumentation and control systems and components based on the definition of Class 1E in Standard Criteria for Safety Systems for Nuclear Power Generating Stations IEEE 603 [Ref. 5]. This standard endorses Regulatory Guide 1.153 [Ref. 6] as a method acceptable to the US Nuclear Regulatory Commission (NRC) for complying with the necessary legal obligations with respect to the design, reliability, qualification, and testability of I&C portions of safety systems for nuclear power plants. The process described in IEEE 603 results in two classifications for safety-related I&C systems and equipment – namely Class 1E or Non-Class 1E. In general, the equipment and components that perform safety-related functions are designated as Class 1E and the equipment and components that do not perform safety-related functions are designated as Non-Class 1E. It should be noted that the US classification of Non-Class 1E can be applied to a system that performs safety functions according to UK expectations. For example, a Class 2 system in the UK could be classed as Non-Class 1E in the US. Similarly, US expectations would specify diversity and defence-in-depth between the PSS and DAS albeit the DAS being a Non-Class 1E system.

The regulatory arrangements in the US result in the DAS being classified as a Non-Class 1E system. The regulatory arrangements in the UK results in the DAS being designed to meet expectations for a Class 2 safety system [Ref. 10] [Ref. 11] [Ref. 12] [Ref. 13] [Ref. 3]. 

Beyond Generic Design Assessment (GDA) Step 2, the UK Design Basis Accident Analysis (UK DBAA) will be undertaken to confirm and finalise the Safety Functional Requirements (SFRs) and performance requirements for safety related Structures, Systems, & Components (SSCs). The output of the UK DBAA work will also be used to produce a final consolidated list of performance requirements. These outputs of the UK DBAA will be key components in confirming the DAS safety system classification. Further information of the UK DBAA approach will be provided in PSR Chapter B14.

To address this RO Action, Holtec will undertake the following activities: 
· Action A1.1: Holtec are developing a DAS Requirements Specification which satisfies both IEEE 603 Non-class 1E expectations and IEC 61513 expectations for Class 2 safety systems. By taking this approach Holtec will demonstrate that the requirements of the DAS meets SMR-300 plant requirements and established best practice.
· Action A1.2: PSR V1 B4 Instrumentation and Control will outline the approach to classification of the DAS.
· Action A1.3: Beyond GDA Step 2, UK DBAA will be undertaken to confirm and finalise the SFRs and performance requirements for the DAS. 





RO-HOLTECSMR300-001.A2 – DAS Implementation
RO-HOLTECSMR300-001.A2 text
In response to this RO Action, Holtec should provide a suitable and sufficient justification for the technology proposed for the DAS in the SMR-300 including consideration of defence in depth, diversity, and resilience to cyber-attack. Taking into account:
· ONR expectations as outlined in relevant standards and guidance;  
· relevant good practice and OPEX regarding the potential vulnerability to common cause failure (CCF) of software-based technology; and  
· the ability to deterministically demonstrate resistance to common hazards, threats, and failure types, given the risks posed by CCFs and cyber-attacks. 

Response
At the outset of evaluating the deployment of the SMR-300 in the UK, and before initiating the GDA process with the ONR, Holtec undertook a comprehensive review of the UK’s regulatory framework [Ref. 12–15], including the I&C architectures presented in prior GDAs such as the AP1000 and UK EPR. This review revealed key differences between UK and US regulatory expectations, particularly the UK’s expectation for a simple hardware based platform in diverse actuation systems. In light of these findings and the redesign efforts required to enhance diversity between the PSS and the DAS, Holtec chose to adopt a simple hardware-based DAS platform for the SMR-300. This decision aligns with UK regulatory expectations and reduces the challenges associated with justifying alternative designs. The rationale and supporting analysis are documented in Holtec’s internal decision paper [Ref. 16].

To address this RO Action, Holtec will undertake the following activities: 
· Action A2.1: Holtec are developing a DAS Requirements Specification which satisfies both IEEE 603 Non-Class 1E expectations and expectations for IEC61513 Class 2 safety systems. By taking this approach Holtec will demonstrate that the design of the DAS meets SMR-300 plant requirements and established best practice. This approach will be explained in PSR V1 with design substantiation provided beyond Step 2 (see Action A2.3). 
· Action A2.2 The PSR V1 will include a justification for the DAS technology change. Interfacing between the DAS, PSS and shared functional equipment will also be discussed in PSR V1. 
· Action A2.3: Following GDA step 2 Holtec Britain will undertake suitable and sufficient design substantiation of the DAS to demonstrate the requirements are met.

RO-HOLTECSMR300-001.A3 – Sharing of Functional Equipment
RO-HOLTECSMR300-001.A3 text
In response to this RO action, Holtec should demonstrate how the SMR-300 design mitigates the risk of failure of shared functional equipment, thereby resulting in failure of both the PSS and DAS to detect and respond to unsafe plant conditions and faults. Taking into account:
· ONR expectations; and  
· Relevant good practice regarding defence in depth, diversity, and independence. 

Response:
Details of the existing I&C architecture are contained in [Ref. 1]. This describes the interface arrangements to provide the DAS inputs and outputs via the PSS using non-digital input / output circuits. As part of the early design consideration for the DAS (see earlier) the introduction of additional diversity between the PSS and DAS is being considered. 

To address this RO Action, Holtec will undertake the following activities: 
· Action 3.1: As part of a Diversity and Defence in Depth analysis as well as PSA and Fault Studies tasks, Holtec will assess and justify shared elements of the DAS design such as the sensing and functional equipment as well as the power interface modules (PIMs). Subsequent document releases are set to be post GDA Step 2, however a commitment will be made in the PSR V1. 


	Impact on GDA submissions

	PSR V1 delivered for formal GDA Step 2 assessment will contain further information related to this RO and, as such, will provide an updated baseline for the gap that this RO resolution plan will address. The I&C architecture report has been removed due to the decision to implement a simple hardware-based DAS. 
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Closure of this RO will be subject to final submissions of relevant documents to actions A1.3, A2.1, A2.3 and A3.1 where the expected finish date extends beyond GDA Step 2.
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Diverse Actuation System Design : Resolution Plan for
RO-HOLTECSMR300-001

November
December

Activity Title Finish Date
Resolution Action Submissions

Action 1: DAS Classification
DAS requirements specification 10/10/2024| 18/07/2025|<

Justification for preliminary classificaiton of DAS (in PSRV1) | 10/10/2024| 18/07/2025|<
Design Basis Accident Analysis (DBAA)

Action 2: DAS Implementation
DAS requirements specification

Justification for DAS technology (in PSR V1) 10/10/2024| 18/07/2025|<
DAS Design Substantiation

Action 3: Sharing of Functional Equipment
Diversity & Defence in Depth Analysis (D3 Analysis)
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